Abstract: Background. Minimally invasive video-assisted thyroidectomy (MIVAT) advantages include a smaller incision, less extensive surgical dissection, improved visualization secondary to rigid fiberoptics, and decreased postoperative pain. The aims of our study were to report our experience using expanded indications of MIVAT.
The incidence of well-differentiated thyroid cancer is increasing mainly as a result of the number of incidental thyroid nodules being detected by the increased use of imaging such as ultrasound, CT scan, MRI, and PET scans. 1 As a result, surgeons are performing more thyroid surgery than ever before. Many of these thyroid operations are carried out on small volume thyroid glands with small nodules. Minimally invasive videoassisted thyroidectomy (MIVAT), first described by Miccoli et al 2 in 1999, is an ideal technique for managing these types of patients with benefits that include a smaller scar, less extensive surgical dissection, and decreased postoperative pain. 3 Patients often experience a shorter healing time, with some centers performing the surgery on an outpatient basis. In addition, improved voice and swallow outcomes have also been reported with MIVAT over conventional open thyroidectomy. 4 Several high-volume thyroid surgical centers have now adopted MIVAT, and the safety of the procedure has been well reported. 3, 5 The early studies on MIVAT used limited indications for the surgery. Initial contraindications included large nodules (>25-30 mm), thyroiditis, an abnormal thyroid gland (>20 cm 3 ), prior neck surgery, central compartment neck metastases, and large malignant tumors with extrathyroidal extension. 5 With increasing experience it is now possible to carry out this technique with expanded indications. The objective of this retrospective study was to report the outcomes of patients undergoing MIVAT at a high-volume academic tertiary cancer center using expanded indications that include patients with prior neck surgery, larger thyroid glands, larger thyroid lesions, and the presence of thyroiditis.
MATERIALS AND METHODS
After obtaining institutional review board approval for the study, we performed a retrospective review of patients who had undergone MIVAT for either hemithyroidectomy or total thyroidectomy at our institution, a tertiary academic cancer center. Patient data spanned from July 2008 to September 2009. Patient characteristics recorded included age, sex, body mass index (BMI), and prior neck surgery. Obesity was defined as a BMI > 30. Tumor characteristics recorded included size of the thyroid gland, size of the nodule, final pathology, and thyroid volume. Thyroid volume was determined using a formula described by Miccoli et al, 6 which multiplies the ultrasound dimensions of the thyroid, width Â height Â depth, adding the left and right lobes, then multiplying by p/6. Vocal cord function for every patient was documented by preoperative and postoperative fiber-optic laryngoscopy. Treatment characteristics recorded included lobectomy or total thyroidectomy, length of incision, operation time, and hospital length of stay. Postoperative complications (infection, hematoma, recurrent laryngeal nerve [RLN] palsy, hypocalcemia) were recorded and compared with reported figures for traditional open surgery. Hypocalcemia was defined as any calcium level <7.8, when checked 6 hours after surgery and the following morning. Nerve monitoring was performed with the NIM (Nerve Integrity Monitoring) Response Monitor (Medtronic, Langhorne, PA), using hardware version 2.0 or 3.0.
RESULTS
In all, 53 patients were identified, of whom 40 patients underwent total thyroidectomy and 13 patients underwent hemithyroidectomy. Forty-three patients (81%) were women, mostly white (91%), with a median age of 52 years (range, 20 to 87 years). Average BMI was 27, including 13 obese patients. Three patients (5.6%) had previous neck surgery, including 1 patient with prior neck dissection and 2 patients with prior anterior cervical discectomy. Average thyroid volume on preoperative ultrasound was 9.1 cm 3 (range, 2.9-50.7 cm Table 1 . All but 1 case were performed with laryngeal nerve monitoring. The nerve monitor could not be used in 1 case because of a technical failure. In all other cases, the recurrent laryngeal nerve was identified on both sides by visualization and was confirmed with nerve stimulation. The median incision length was 4 cm (range, 3-8 cm). Eight cases (15.1%) necessitated an increased surgical incision, but the MIVAT technique continued to be used in this setting. Surgical time averaged 113 minutes for hemithyroidectomy and 149 minutes for total thyroidectomy. Four patients (7.5%) had drains placed in the setting of large surgical dissection beds. The average hospital stay was 1.4 days; the average follow-up period was 3 months.
The most common finding on pathology was welldifferentiated papillary thyroid cancer (69.8%) followed by follicular lesions (9.4%), goiter (9.4%), and benign Hü rthle lesions (7.5%). There was 1 patient with poorly differentiated cancer (1.9%). Seventeen patients (32.1%) had evidence of resected parathyroid tissue on pathology review; 4 patients (7.5%) underwent parathyroid reimplantation; and 22 patients (42%) had evidence of thyroiditis on pathology. Pathology results are summarized in Figure 1 .
The most common complication was temporary vocal cord paralysis (17%), with 1 case of vocal cord paralysis persisting >6 months (1.9%). Both recurrent laryngeal nerves were identified and confirmed with the nerve monitor in this case. Six patients (11%) experienced temporary hypocalcemia requiring postoperative calcium supplementation, and no patients experienced permanent hypocalcemia. There were no instances of keloid formation at the incision site. One patient (1.9%) was treated with oral antibiotics for a wound infection, and there were no seromas or hematomas. One patient (1.9%) was treated for a hypertrophic scar. Eleven patients (21%) received postoperative radioactive iodine as part of the management for their thyroid malignancy. Four patients subsequently underwent completion thyroidectomy, which was not performed with minimally invasive technique. On limited follow-up The most common finding on pathology was well-differentiated papillary thyroid carcinoma (70%) followed by follicular lesions (9%), goiter (9%), and benign Hürthle lesions (8%). One patient had poorly differentiated cancer.
(average of 3 months postoperatively), there were no cases of recurrence. Surgical complications are summarized in Table 2 .
DISCUSSION
The safety and efficacy of MIVAT used under limited conditions have been demonstrated in multiple studies in the literature. A recently published prospective review of >200 cases at multiple institutions reported no permanent vocal cord paralysis or permanent hypoparathyroidism. Concerns regarding adequacy of resection were addressed by Miccoli in a prospective randomized trial for papillary cancer, where postoperative thyroglobulin, radioactive iodine uptake levels, and complication rates were found to be equivalent to those of patients treated with conventional open thyroidectomy or MIVAT. 5 The technique was initially described for limited indications; initial contraindications included large nodules (>2.5 to 3.0 cm), thyroiditis, an enlarged thyroid gland (>20 cm 3 ), prior neck surgery, central compartment neck metastases, and large malignant tumors with extrathyroidal extension. Recently, Lai et al 7 explored several cases using expanded indications for MIVAT, and demonstrated the oncologic completeness by evaluating postoperative radioiodine uptake.
In our study, we confirm the findings reported by Lai and colleagues by showing that MIVAT can be used for expanded indications. Although prior studies limited the technique to smaller nodules (2.5-3.0 cm), our study looked at nodules ranging from 0.9 to 5.4 cm, with a median nodule size of 3.2 cm. Previous studies limited resection to thyroid gland volumes that were 20 cm 3 . The thyroid volumes on pathology in this study ranged from 4.8 to 80.5 cm 3 , with an average volume of 24.4 cm 3 (median, 9.1 cm 3 ). Lobectomy specimens ranged from 5.4 to 134 cm 3 , with an average volume of 24.8 cm 3 (median, 14.9 cm 3 ). Although patients with prior neck surgery were typically excluded, patients in this study included those with prior neck surgery (n ¼ 3), such as anterior cervical discectomy and neck dissection. Prior studies using MIVAT included a patient population with a lower rate of malignant disease, 20% in some larger series. 5 Our study had a malignant disease rate of 74%. In the past, thyroiditis was viewed as a contraindication to minimally invasive approach; in the current study, 42% (n ¼ 22) of patients had evidence of thyroiditis on pathology.
A review of the complications of MIVAT compared with traditional open thyroidectomy show comparable rates of postoperative permanent hypocalcemia and vocal cord injury. Reported rates of temporary RLN paralysis with open thyroidectomy range from 0.5 to 8.9%. 8, 9 Rates of permanent RLN paralysis, or paralysis lasting >6 months, range from 1.2 to 5.2% of cases. 10 Our study showed a high rate of temporary RLN paralysis (17%). The high incidence of temporary vocal cord dysfunction may be largely attributed to the immediate routine postoperative evaluation of all patients by flexible laryngoscopy. In part, it may arise from the adoption of this new surgical technique and this challenging patient population with increased temporary neuropraxia of the recurrent laryngeal nerve. With increased experience we anticipate a reduction in the incidence of temporary vocal cord dysfunction. However, our rate of permanent RLN paralysis (1.9%) was within the range reported for open thyroidectomy. Temporary hypocalcemia occurred in 11% of patients, within the reported averages of 3% to 25%. 8, 11, 12 Many institutions that perform outpatient total thyroidectomy (open or MIVAT) routinely discharge patients on calcium replacement and vitamin D supplements, and this may obscure the real incidence of transient hypocalcemia. Permanent hypocalcemia, which can occur in 0.4% to 29% of open thyroidectomy cases, did not occur in this study. 9, 11, 13 Overall, our rates of permanent hypocalcemia (0%) and permanent RLN paralysis (1.9%) are consistent with the reported literature.
The high rate of malignant disease in our series reflects the referral pattern of our institution, a tertiary academic cancer center. As noted previously, MIVAT has been shown to be as effective as open surgery, in terms of completeness of resection for low and intermediate risk well-differentiated thyroid disease. 3 In addition to a 70% rate of papillary thyroid cancer in our series, 1 patient was noted with wellencapsulated poorly differentiated thyroid carcinoma that was diagnosed only on final pathology. We emphasize that MIVAT is still best suited for low-and intermediate-risk thyroid disease; any unusual or more aggressive pathologies should be managed appropriately, including additional surgery if needed.
The results of this study show the safety of MIVAT, carried out with expanded indications, and add further support for its safety and adaptability. On average, patients in this study undergoing MIVAT had larger thyroid volumes, larger nodules, and higher rates of malignant disease than those of patients in previously published studies using this technique. We experienced an increased rate of temporary vocal cord paralysis with this technique, compared with traditional open thyroidectomy. The incidence of complication rates for hematoma, wound infection, hypocalcemia, and permanent vocal cord paralysis were comparable. We establish the safety of the procedure with expanded indications, and add further support for the safety and adaptability of the procedure to other centers.
CONCLUSIONS
We establish the safety of MIVAT with expanded indications in our hands, and add further support for the safety and adaptability of the procedure to other centers. MIVAT can be applied to patients with expanded indications, with comparable rates of hematoma, wound infection, hypocalcemia, and permanent vocal cord paralysis.
